corresponding change in sexual behaviour, i.e. increased use of condoms, fewer teenage pregnancies and later age of sexual debut, reported between 1989 and 1999 in Uganda 4,13 may partly be explained by the Hawthorne effect. A significant contribution of the Hawthorne effect would diminish the generalizability of longitudinal population-based cohort studies. 14 Thus a better understanding of the comparability of study and non-study populations would aid the interpretation of trends reported from longitudinal population-based studies.
We recently added 10 new survey villages to a longitudinal cohort comprising a cluster of 15 original survey villages. This expansion also provided a rare opportunity to study the generalizability of our epidemiological findings to non-study villages. In this paper we compare HIV-1 prevalence, socio-demographic characteristics and reported sexual behaviour in previously and newly surveyed neighbouring villages in rural southwest Uganda.
Methods

Survey methods
The cohort resided in a cluster of 25 neighbouring villages in southwest Uganda, about 30 km from the district capital of Masaka, and 16 km from an international highway connecting Mombasa and Kigali ( Figure 1 ). Fifteen villages have been surveyed annually for 10 years (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) . The original study area covered approximately one-third of a sub-county of about 80 km 2 . A sub-county is an administrative unit under a county and is sub-divisible into parishes and villages. In 1999/2000, 10 new villages to the south and east of the original study area were added to the cohort to improve the precision of estimates of prevalence and incidence trends. After expansion, the study area covered approximately half of the sub-county (25 of 50 villages) about 120 km 2 . The study area lies 1200 m above sea level, is characterized by low-lying hills interspaced with swamps and is accessible by an all-season road that runs through the centre of the study area but seasonal dirt roads and footpaths connect the villages. Residents live on homesteads (population density about 150/km 2 ) and practise subsistence farming as the main economic activity. Study methods have been described previously. [15] [16] [17] Briefly, annual censuses and serological surveys were used to study the population. Local registrars provided supplemental information to the census on birth and deaths.
Prior to the survey, planning meetings were held with village councils and opinion leaders to explain the expansion of study activities into the new villages and benefits of participation. During the meeting consent to address the community was requested and when it was granted, residents were invited to a central point where trained mobilizers gave explanations. An adjacent village replaced one new survey village whose leaders declined to give consent on behalf of the community. A centrally placed village was excluded because its daytime population consisted of residents from neighbouring villages.
Trained mappers constructed village maps and lists of household heads for use by enumerators who visited each household to conduct a census and to collect demographic data on all individuals. Using this information census lists were constructed. A team of trained interviewers (nurses, medical assistants and phlebotomists) visited each household about 3 weeks after enumeration and invited household members to participate in the survey. If subjects were absent during the visit, repeat visits were made to the house until the team moved to the next village, on average, after 3 weeks stay in each village, depending on the size of the village. After obtaining written informed consent, interviewers administered a risk factor questionnaire to individuals in private and also took a venous blood sample for HIV-1 serology. The questionnaire elicited information on condom use, sexual behaviour, and sexually transmitted diseases in the past 12 months. 
Ethical issues
Survey staff routinely gave health education and provided information about HIV-1 infection and encouraged the practice of abstinence or safe sex. Survey staff also advised participants to go for HIV-1 counselling and to request their HIV-1 test results. The HIV-1 test results were issued to respondents who requested them after pre-test counselling. 18, 19 The HIV-1 serostatus of participants was masked to survey and clinical staff. Individuals who were found ill during the house visit were given treatment and if necessary, they were referred to a purpose-built study clinic stocked according to the national Essential Drug List where they received free treatment. The Uganda National Council for Science and Technology gave ethical approval for the study.
Laboratory methods
Two independent enzyme immunoassays (EIA) were used to determine HIV-1 serostatus (Wellcozyme HIV-1 recombinant VK 56/57, Murex Biotech Ltd, Dartford, Kent, UK; and Recombigen HIV-1/2, Cambridge Biotech Ltd, Galway, Ireland) following set algorithms. Samples discordant on EIA and all first time positives were tested on Western blot (Cambridge Biotech Corporation, Rockville, USA) to determine final HIV-1 serostatus. 20, 21 
Statistical methods
Data were entered in duplicate in a database FoxPro 2.6 for Windows (Microsoft Corporation, USA) and checked for consistency before statistical analysis was performed using Stata 6.0 (Stata Corporation, College Station, Texas, USA). Distributions of socio-demographic data were compared between the new and original villages using the χ 2 . Age-sex standardized HIV-1 prevalence for all villages were calculated using the 1999/2000 population of the 25 villages as the standard. We looked for an association between HIV-1 prevalence and place of residence to examine whether HIV-1 prevalence varied as a function of proximity to a main road, a large trading centre (у20 shops) or a previously surveyed village. We used multivariate logistic regression restricted to sexually active respondents to look for an association between various demographic characteristics, residency and reported sexual behaviour with HIV-1 serostatus. We took into account the possible correlation of responses between individuals living in the same village using a robust variance-covariance matrix.
Results
A total of 8990 adults (у13 years) residing in 3837 households were censused at the 11th annual survey round (10/1999 to 10/2000). In all, 68.3% of those censused lived in the original survey villages, and 48.2% were males. Of the 2852 adults censused in the new survey villages, 64.3% had been resident in their village for у5 years. The distribution of previous village of residence among those who had immigrated to a new village within the last 5 years was 10.1% from one of the original villages, 40.9% from another new village and 49.0% from outside the study area. A total of 6138 (68.3%) adults participated in the serosurvey, compliance ranged from 64.1 to 77.7% (mean 72.1%) in the new villages and 59.8 to 72.9% (mean 66.5%) in the old villages. Definite HIV-1 serostatus was available for 6111 (68%) respondents. Table 1 shows the distribution of socio-demographic variables between the new and original survey villages. Respondents from new survey villages were more likely to have attained secondary or higher level of education, to be separated or widowed, and to be sexually active than respondents from the original villages. Table 2 shows the crude and age-sex standardized HIV-1 prevalence for new and original survey villages and for villages according to proximity to the main road or trading centre. Overall HIV-1 prevalence was 6.1% (95% CI: 5.5-6.8).
No difference was observed in HIV-1 prevalence between the new and original survey villages, (P = 0.25). However, the range in HIV-1 prevalence was greater in the original (1.1-10.7%) than in the new villages (3.4-8.7%). We found no difference in HIV-1 prevalence among respondents according to proximity of village to the main road (P = 0.37) or to a large trading centre (P = 0.30). Figure 2 shows the distribution of average HIV-1 prevalence by village for categories Ͼ7%, 5-7% or Ͻ5% in the study area. Villages closer to the centre of the study area tended to have a higher HIV-1 seroprevalence category than those towards the edges of the study area.
In multivariate logistic regression analyses restricted to sexually active adults, independent predictors of HIV-1 serostatus were being separated or widowed (odds ratio ( Table 3 ). The highest HIV-1 prevalence was observed among those aged 25-34 and 35-44 years, 13.6% and 11.9% (OR = 5.8 and 4.8, respectively, P Ͻ 0.001). Gender and number of sexual partners in the past 12 months did not independently predict HIV-1 serostatus. After adjustment for independent predictors of HIV-1 status, residency in a new village was not associated with HIV-1 serostatus (OR = 0.9, P = 0.46).
Discussion
We compared HIV-1 prevalence in previously and newly surveyed populations in rural southwest Uganda. The HIV-1 prevalence in the newly surveyed villages was similar to that in the original villages despite the original villages experiencing additional focus on HIV-1 infection caused by survey and other activities. The absence of a significant difference in HIV-1 prevalence between original and new villages despite respondents in the new villages being more likely to report behaviour associated with HIV-1 infection suggests similar practise of appropriate safe sexual behaviour in the new and original villages. 4, 13, 22 These results are also compatible with a relatively less important role of highrisk sexual behaviour in the spread of HIV-1 infection; spread being a function of HIV-1 prevalence in a generalized epidemic. 23 Declining HIV-1 prevalence, attributed largely to national AIDS education campaigns, has been reported in Uganda, among women attending antenatal clinics, 4, 13 and from populationbased cohorts. 22, 24, 25 We do not know what the HIV-1 prevalence in the new villages was in 1989 when the original cohort was established. If we assume that the HIV-1 prevalence in the new villages in 1989 was similar to that observed in the original villages (8.2%), then our results imply that HIV-1 prevalence has declined concomitantly in the new villages to the current prevalence of 5.8%. Such significant decline in HIV-1 prevalence in non-study villages would occur because of appropriate community response to effective national AIDS education campaigns, 13 rather than because of interaction with survey staff as occurred in the original survey villages. Our results therefore provide reassurance that trends in HIV-1 infection reported from the original survey villages are generalizable to non-survey villages.
Strenuous efforts aimed at creating a high awareness of risk factors for HIV infection in populations in Uganda by the Uganda Ministry of Health are widely acknowledged. 26, 27 Thus, in the context of considerable AIDS education in Uganda, the striking similarity between previously and newly surveyed villages do not support a Hawthorne effect as an explanation for GENERALIZABILITY OF POPULATION-BASED AIDS STUDIES IN UGANDA 965 the reported declining HIV prevalence. Our results are relevant to the design of community intervention studies. Since comparison communities participating in a community randomized trial are likely to be exposed to national AIDS campaigns, the potential for dilution of intervention from national AIDS campaigns need to be considered carefully when designing community intervention trials. 28 National interventions are likely to diminish differences between study and non-study villages. HIV-1 prevalence in the original villages was similar to that in the new villages, despite the additional focus on HIV-1 infection these villages were exposed to through close interaction with survey staff over the past 10 years. The strengths of our study are its large size, its populationbased nature, and being able to make direct comparison of previously and newly surveyed populations. Several limitations need to be considered. We used cross-sectional data to compare the new and original villages. We do not know whether HIV-1 prevalence was different between the new and original villages or the magnitude of such a difference for the earlier time periods. Secondly, new survey villages are close to the original villages and could have been subject to similar experiences. We are unable to exclude the possibility that cross-diffusion particularly due to migration between new and original villages partly explains these results. Migration of individuals from the original to the new villages could potentially transfer awareness of the HIV epidemic, however, only 10.5% of recent immigrants to the new villages came from the original villages. Migration between new and original and within villages is complex and depends on where a village is located relative to a new or original village. We have no reason to believe that migration was predominantly in one direction. Ideally, villages that are further away from the original study villages would have provided the best comparative data for our study. However, the primary reason for expanding the cohort was to improve on precision of estimates of HIV prevalence and incidence, and also it was logistically difficult to add villages that were distant from the original study villages.
Thirdly, counselling and community development activities were also conducted in the new villages for ethical reasons and may have caused some focus on the HIV-1 epidemic, thereby diminishing differences in exposure to research staff between the new and original villages. Nonetheless, the quality and intensity of direct personal interaction between survey staff and the study population would be expected to be more intense in the original and minimal in the new villages, despite the relative proximity. We believe also that such direct influence in the new villages was small and irregular over time. Study activities were concentrated in participating villages and recruitment and household health education occurred in participant's homes.
We note that this is an observational study, and that our comparisons do not have the rigorous quality of a randomized controlled study. Our study is unable to quantify and take into account the extent of person-to-person interaction between individuals from the new and the original villages. Finally, slightly more than a quarter of residents did not participate in the serological survey, raising the potential for selection bias. However, it is usually difficult to obtain higher compliance rates in studies that involve the taking of blood and of HIV testing.
To summarize, HIV-1 prevalence was similar between survey and non-survey villages. These results provide reassurance that the previously surveyed populations provide data that is generalizable to non-study villages. In the context of rural Uganda where there has been considerable health education about AIDS, the additional attention to HIV infection caused by repeated person-to-person interaction with research survey staff over 10 years does not appear to have appreciably affected the prevalence of HIV-1 infection in the original villages. This study provides reassurance that previously reported longitudinal HIV trends from this cohort are generalizable to non-survey villages.
